Role of glutathione in the adaptive tolerance to H2O2.
Endogenous antioxidant defense systems are enhanced by various physiological stimuli including sublethal oxidative challenges, which induce tolerance to subsequent lethal oxidative injuries. We sought to evaluate the contributions of catalase and the glutathione system to the adaptive tolerance to H2O2. For this purpose, H9c2 cells were stimulated with 100 microM H2O2, which was the maximal dose at which no significant acute cell damage was observed. Twenty-four hours after stimulation, control and pretreated cells were challenged with a lethal concentration of H2O2 (300 microM). Compared with the control cells, pretreated cells were significantly tolerant of H2O2, with reduced cell lysis and improved survival rate. In pretreated cells, glutathione content increased to 48.20 +/- 6.38 nmol/mg protein versus 27.59 +/- 2.55 nmol/mg protein in control cells, and catalase activity also increased to 30.82 +/- 2.64 versus 15.46 +/- 1.29 units/mg protein in control cells, whereas glutathione peroxidase activity was not affected. Increased glutathione content was attributed to increased gamma-glutamylcysteine synthetase activity, which is known as the rate-limiting enzyme of glutathione synthesis. To elucidate the relative contribution of the glutathione system and catalase to tolerance of H2O2, control and pretreated cells were incubated with specific inhibitors of gamma-glutamyl cysteine synthetase (L-buthionine sulfoximine) or catalase (3-amino-1,2,4-triazole), and challenged with H2O2. Cytoprotection by the low-dose H2O2 pretreatment was almost completely abolished by L-buthionine sulfoximine, while it was preserved after 3-amino-1,2,4-triazole treatment. From these results, it is concluded that both the glutathione system and catalase can be enhanced by H2O2 stimulation, but increased glutathione content rather than catalase activity was operative in the tolerance of lethal oxidative stress.